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(54) Composite extruding apparatus of rubber and method of extruding unvulcanized rubber 



(57) With the same screw diameter as in conven- 
tional screw extruders, an improved device is disclosed 
wherein the screw length is reduced, whereby the mate- 
rial residue is reduced, the throughput is increased, the 
screw motive power is reduced, the temperature control 
is facilitated to prevent rubber scorching, and extrusion 
molding of a vulcanizable rubber composition is made 
possible at a low temperature. 

In a composite extruding apparatus of rubber, a 
gear pump (20) is connected to a tip end of a screw 
extruder (10) via a screen mesh (14) having a breaker 
plate (15), and a die head (24) is connected to an eject- 
ing side of the gear pump (20), wherein the screw 
extruder (10) plasticizesa fed rubber composition (G) 



mainly by friction with an inner surface of a barrel (12) 
and by heating from outside, and extrudes the rubber 
composition (G) from the screen mesh (14) to a space 
on the inlet side of the gear pump (20). The screen 
mesh (14) rectifies the rubber composition (G) passing 
through the screen mesh (14) towards the gear pump 
(20) while stirring and plasticizing the rubber composi- 
tion (G) by friction and shear. The gear pump (20) fur- 
ther stirs and plasticizes the rubber composition (G), 
which is fed to the space on the inlet side, by shear and 
compression, and gives a forcing pressure to the die 
head (24). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a composite 
| extruding apparatus of rubber including a screw 

I extruder and a gear pump, and is suitable for use by 

j: connecting it to a die head for extrusion-molding of the 

rubber. Further, the present invention relates also to a 

method of extruding unvulcanized rubber with the use of 

the composite extruding apparatus, 

2. Descrip tion of the Background Art 

[0002] As a method of producing an extrusion - 
molded product of rubber such as a tire tread, a weather 
strip, a door seal, or a hose of an automobile, there are 
known a method in which a vulcanizable rubber compo- 
sition obtained by kneading a rubber material with addi- 
tives such as a reinforcing agent, a filler, a plasticizer, a 
vulcanizer, and a vulcanization promoter is fed to an 
extruder and extruded to a desired shape from the 
extruder via a die head, and vulcanized with a vulcaniz- 
ing apparatus after being subjected to a lamination 
process or the like, such as in the case of a tire tread, or 
a method in which the vulcanizable rubber composition 
is guided to a vulcanizing apparatus for vulcanization 
after extrusion, and then is cut to a desired length to 
obtain a product, such as in the case of a weather strip. 
[0003] Generally, a screw extruder is used for the 
above-mentioned extrusion. In this screw extruder, rub- 
ber is conveyed by a screw in a barrel, where the rubber 
is subjected to friction, shear, and compression 
between an inner surface of the barrel and an outer sur- 
face of the screw, whereby the rubber is self-heated and 
plasticized to have a viscosity that enables molding. In a 
conventional type extruder in which a die head is 
• -directly connected to the screw via a screen mesh, it 
. -has been considered that the longer the length L of the 
aforesaid screw is, the better it is, in view of the neces- 
sity of ensuring a predetermined molding pressure to 
tne d 'e head after the rubber passes;through the screen 
mesh. In other words, it has been assumed that the 
screw must be provided with a feeding part, a com- 
. pressing part, and a meteringand discharging part, and 
:v - hence the ratio LVD of the length L to the outer diameter 
D of the screw has been set to be within a range from 1 2 
to 1 6 for a rubber at room temperature. 
[0004] However, if the length of the screw is - 
increased, it requires a larger motive force to that 
extent, and temperature control for heating and cooling 
will be required that respectively corresponds to the 
feeding part, the compressing part, and the metering 
and discharging part, thereby necessitating a complex 
temperature control mechanism. Moreover, even if the 
length of the screw is increased as described above, a 



plasticizing effect comparable to that of a Banbury mixer 
cannot be obtained. In order to improve the degree of 
plasticization with the use of the conventional type 
extruder, the speed of the screw rotation must be 
5 increased. This raises the temperature of the dis- 
charged rubber too much and generates scorching of 
the rubber, making the rubber unmoldable and decreas- 
ing the throughput. In addition, there is a problem that, 
by increasing the length of the screw, the material will 
70 remain in a larger amount in changing the lots. 

[0005] On the other hand, it is known in the prior art 
that, by connecting a gear pump to a tip end of a screw 
extruder, the pressure of feeding rubber to a die head is 
maintained constant to enable precision molding (publi- 
15 cation of Japanese Patent application No. 05- 
11 6200/1 993(A1) (which has the same contents as 
USP 5,156,781)). This known art is constructed in such 
a manner that the metering and discharging part among 
the feeding part, the compressing part, and the meter- 
20 ing and discharging part of the screw is transferred to 
the gear pump to allow the two functional areas of the 
feeding and heating part and the compressing part to 
remain in the screw, and that the pressure loss gener- 
ated at the screen mesh and the breaker plate, which is 
25 a supporting body of the screen mesh, between the 
screw extruder and the gear pump is restrained to the 
minimum extent. Therefore, the total length of the screw 
has been such that the aforesaid ratio L/D is within a 
range from 4.5 to 8.5, and also the shape of the rubber 
30 passageways before and after the screen mesh and the 
breaker plate has been complex. 

SUMMARY OF THE INVENTION 

35 [0006] The present invention provides a composite 
extruding apparatus of rubber in which, as compared 
with the known composite type extruding apparatus 
using a gear pump in combination, the ratio L/D Is fur- 
ther reduced to decrease the screw length while main- 

40 taining the same screw diameter, whereby the material 
residue is reduced. The present invention also provides 
a composite extruding apparatus of rubber in which the 
throughput can be increased while maintaining the 
same screw diameter, and the screw motive force is 

45 reduced. Further, the present invention provides a com- 
posite extruding apparatus of rubber in which the tem- 
perature control is facilitated to prevent rubber 
scorching, and extrusion molding of a vulcanizable rub- 
ber composition is made possible at a low temperature. 

so The present invention provides a composite extruding 
apparatus in which the shape of the rubber passage- 
ways before and after the screen mesh can be simpli- 
fied. In another aspect, the present invention provides a 
method of extruding an unvulcanized rubber with the 

55 use of the aforesaid extruding apparatus. 

[0007] Thus, the present invention provides a com- 
posite extruding apparatus of rubber in which a gear 
pump is connected to a tip end of a screw extruder via a 
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screen mesh having a breaker plate, and a die head is 
connected to an ejecting side of the gear pump, wherein 
the screw extruder plasticizes a fed rubber composition 
mainly by friction with an inner surface of a barrel and by 
heating from outside and extrudes the rubber composi- 
tion from the screen mesh to a space on an inlet side of 
the gear pump; the screen mesh rectifies the rubber 
composition passing through the screen mesh towards 
the gear pump while stirring and plasticizing the rubber 
composition by friction and shear; and the gear pump 
further stirs and plasticizes the rubber composition, 
which is fed to the space on the inlet side, by shear and 
compression, and gives a forcing pressure to the die 
head. 

[0008] In other words, the screw extruder used in 
the present invention needs to be substantially provided 
only with the feeding part among the feeding part, the 
compressing part, and the metering and discharging 
part, which are needed in conventional extruding appa- 
ratus, thereby eliminating the need for the compressing 
part and the metering and discharging part. Therefore, 
the length of the screw can be reduced to a great extent 
while maintaining the thickness (D), thereby all the more 
simplifying the temperature control mechanism. 
[0009] The ratio L7D of the length L to the outer 
diameter D of the aforesaid screw is preferably set to be 
within a range from 1 to 4, particularly within a range 
from 2 to 3. Further, it is sufficient that the aforesaid 
screw extruder can plasticize a rubber composition by 
heating, and can feed the rubber composition to the 
gear pump by the rotation of the screw against the 
resistance of the screen mesh, so that the screw 
extruder does not need a forcing pressure needed for 
the rubber composition to pass;. through the die head. 
Therefore, the driving motor of the aforesaid screw is 
reduced in scale as compared' with conventional ones. 
However, if the aforesaid ratio UO is less than 1, the 
plasticization by heating the rubber composition will be 
insufficient, whereas if the ratio exceed? 4, the length 
will be too large to be economical. 
[0010] Further, the screen mesh equipped with the 
breaker of the present invention rectifies the rubber 
composition, which passes through the screen mesh 
and its supporting breaker plate towards the gear pump, 
while stirring and plasticizing the rubber composition 
with friction and shear. Namely," the rubber composition 
ejected from the screw extruder and having a twisted 
shape is passed through the screen mesh and the holes 
of the breaker plate, whereby the aforesaid rubber com- 
position is stirred and further plasticized by friction and 
shear at that time while being accompanied by a pres- 
sure loss. Therefore, it is sufficient that the rubber pas- 
sageways before and after the aforesaid screen mesh 
has a straight tubular shape, and the bore diameter of 
the rubber passageways can be made equal to the 
diameter of the outlet of the screw extruder, thereby ail 
the more simplifying the structure of the rubber pas- 
sageways. 
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[001 1 ] The gear pump connected to the outlet side 
of the aforesaid screen mesh having a breaker perform 
two functions of the compressing part and the metering 
and discharging part of a conventional type screw 

5 extruder by shearing and compressing and further stir- 
ring and plasticizing a fed rubber composition by mesh- 
ing of gears, and sending the rubber composition to the 
die head with a predetermined pressure. The gear 
pump to be used can be a general gear pump for high 

;o viscosity; however, it is preferably a gear pump such 
that a thread groove is provided at a bearing part to 
allow the scorched rubber generated at an end surface 
of the gear to be automatically discharged in accord- 
ance with the rotation of the shaft of the gear. 

is [0012] When a rubber composition is fed to a screw 
extruder in the aforesaid composite extruding apparatus 
of rubber, the rubber composition is sent to the outlet 
side of the barrel in accordance with the rotation of the 
screw, and is heated at the same time by friction with 

20 the inner surface of the barrel as well as being heated 
and plasticized by a function of a heating medium flow- 
ing through the barrel and the screw shaft. The rubber 
composition that has reached the ejection outlet of the 
screw extruder is extruded towards the screen mesh 

25 and the breaker plate and receives shear and friction 
when passing through the screen mesh and the breaker 
plate, whereby the rubber composition is plasticized 
and at the same tirhe stirred to fill a space on the feed- 
ing side of the gear pump in a state in which the pres- 

30 sure has been reduced by resistance when the rubber 
composition passes through the screen mesh and the 
breaker plate. The rubber composition fed to the gear 
pump receives shear and compression in accordance 
with the rotation of the gear pump to be further plasti- 
es cized and stirred, and is sent to the die head with a pre- 
determined pressure and speed to enable precision 
molding. In other words, in the apparatus of the present 
invention, plasticization of a vulcanizable rubber compo- 
sition is carried out by a primary plasticization mainly 

40 owing to the function of the barrel and the screw of the 
screw extruder and the function of the screen mesh and 
the breaker plate, and a secondary plasticization in the 
gear pump, whereby the vulcanizable rubber composi- 
tion is made moldable. Further, the rubber composition 

45 is stirred by the screw, the screen mesh, the breaker 
plate, and the gear pump. 

[0013] In the composite extruding apparatus of rub- 
ber according to the present invention, the height of the 
flight (flight depth) formed on the aforesaid screw is 

so preferably within a range from (1/5)D to (1/15)D, more 
preferably within a range from (1/7)D to (1/12)D. 
[0014] By adopting a screw having a flight height 
lower by 10 to 20% than the flight height of the conven- 
tional screw, the torque applied to the screw can be 

55 reduced even in the case of extruding an unvulcanized 
rubber having a high viscosity, thereby reducing the 
electric power consumption accompanying the extru- 
sion. Moreover,, the screw can be rotated at a high 
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speed and can effectively carry out the plasticization as 
weft as increasing the speed of extrusion. 
[0015] Further, in the composite extruding appara- 
tus of rubber according to the present invention, the 
aforesaid screw is preferably provided with a plurality of 
flight streaks. 

[0016] By adopting the above-mentioned construc- 
tion, the stirring efficiency can be improved, the screw 
can be rotated at a high speed, and the extrusion speed 
can be increased as compared with a conventionally- 
used screw with one or two streaks. 
[0017] The method of extruding an unvulcanized 
rubber according to the present invention is character- 
ized by use of a composite extruding apparatus of rub- 
ber as described in any one of claim 1 to 4 of the 
present invention. 

[0018] Since the screw length is small, the material 
residue is reduced, and hence the amount of generated 
wastes is small. Further, the electric power consump- 
tion is small, the throughput is large, and the tempera- 
ture control is easy, so that extrusion molding of a 
vulcanizable rubber composition with restrained gener- 
ation of scorching rubber can be carried out at a low 
temperature. 

[0019] In the method of extruding an unvulcanized 
rubber according to the present invention, the aforesaid 
screw is preferably rotated af a rotation number within a 
range from 1 0 rpm to 120 rpm. 

[0020] The extruding apparatus used in the method 
of extruding an unvulcanized rubber according to the 
present invention has a short-screw length and can pre- 
vent scorching caused by local heat generation as com- 
pared with conventional extruders. As a result, rotation 
"* at a high speed increased by 25 to 100% is possible, 
thereby enabling extrusion molding at a high speed. In 
the extrusion method of the present invention, the com- 
pression ratio is preferably within a range from 1 : 1 .1 to 
1 : 1.3, which is smaller than'1 : 1.6 of the conventional 
extruder. 

- gf= BRIEF DESCRIPTION OF THE DRAWINGS 
~ r [0021] 

Z Fig- 1 Is a cross section view illustrating an example 
of an extruding apparatus of the present invention; 
and 

Rg. 2 is a side view illustrating a portion of an 
example of a screw. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0022] Hereafter, preferred embodiments of the 
present invention will be described with reference to the 
attached drawings. • 

[0023] Referring to Fig. 1, a screw extruder 10, an 
extruding screw 1 1 , a driving shaft 1 1 a, a barrel 1 2, an 



ejection outlet 12a, and a hopper 13 for introducing a 
vulcanizable rubber composition are shown. The ratio 
LTD of the length L to the outer diameter £ of the above- 
mentioned screw 1 1 is within a range from 2 to 4. Heat- 

5 ing medium passageways 1 1 b and 1 2b for temperature 
control are provided in the screw 1 1 and the barrel 12, 
respectively, by an ordinary method. Further, the end 
surface on the ejecting side (the left end surface in Fig. 
1) of the above-mentioned barrel 12 is slightly tilted with 

io respect to the vertical (plumb) plane. 

[0024] A screen mesh 1 4 for removal of foreign sub- 
stances and a breaker plate 15 for supporting the 
screen mesh 1 4 are disposed on the ejecting side of the 
above-mentioned screw extruder 10. The screen mesh 

15 14 and the breaker plate 15 are held within a breaker 
, supporting block 16 in a state of being superposed one 
on the other, and are connected to the ejecting side of 
the above-mentioned screw extruder 1 0. The above- 
mentioned breaker supporting block 16 is constructed 

20 with a supporting plate 1 7 on the front side (gear pump 
side) and a pressing plate 1 8 on the rear side (screw 
extruder side). The aforesaid screen mesh 14 and 
breaker plate 1 5 are inserted in a recess 1 7a disposed 
in the supporting plate 1 7, and are fixed by the pressing 

25 plate 18. A rubber passageway 17b having the same 
bore diameter as the rubber passageway 21 a of a later- 
mentioned gear pump 20 is disposed in the supporting 
plate 17; and a rubber passageway 18b having the 
same diameter as the ejecting outlet of the screw 

30 extruder 10 is disposed in the pressing plate 18. Fur- 
ther, the back surface of the pressing plate 18 (the sur- 
face on the screw extruder side) is formed to have a 
wedge-like cross section of a tilted surface parallel to 
the end surface on the ejecting side of.the above-men- 

35 tioned barrel 12, and is connected between the end sur- 
face on the ejecting side of the above-mentioned barrel 
1 2 and the later-mentioned gear pump 20 by press-fit 
[0025] The gear pump 20 is composed of a body 21 
and a pair of upper and lower gears 22, 23. A rubber 

40 passageway 21a is disposed linearly with the same 
diameter -as the rubber passageway 17b of the.above- 
mentioned supporting plate 17 respectively on the feed- 
ing side and the opposite discharging side of the gears 
22, 23. The rubber passageway 21a in the above-men- 

45 tioned body 21 is brought into communication with the 
ejecting outlet 12a of the screw extruder 10 via the rub- 
ber passageways 17b, 18b in the breaker supporting 
block 1 6 when the above-mentioned breaker supporting 
block 16 is connected between the gear pump 20 and 

so the aforesaid screw extruder 1 0 by press-fit from above. 
Further, a die head 24 is connected to the discharging 
side of the gear pump 20. 

[0026] In the above-mentioned structure, the screw 
extruder 1 0 and the gear pump 20 are fixed onto a sup- 
55 porting frame (not illustrated) at a predetermined inter- 
val. The breaker supporting block 16, in which the 
screen mesh 14 and the breaker plate 15 are set in 
advance, is fixed by press-fit between the screw 
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extruder 1 0 and the gear pump 20; the screw 1 1 and the 
barrel 12 of the screw extruder 10 are heated to a pre- 
determined temperature; the screw 11 and the gear 
pump 20 are rotated at a predetermined speed; and a 
vulcanizable rubber composition having a predeter- 
mined viscosity is introduced into the hopper 13, 
whereby the rubber composition G is sent forward by 
the screw 1 1 , heated an plasticized by heat transfer 
from the shaft surface of the screw and from the inner 
. surface of the barrel 1 2 and by friction with the inner sur- 
face of the barrel 12, and proceeds towards the ejecting 
intet 12a while being subjected to less compression 
compared to the conventional type screw extruder. 
[0027] The rubber composition G subjected to the 
primary plasticization process by being heated in the 
above-mentioned screw extruder 10 enters the rubber 
passageway 18b of the breaker block 16 in a simple 
twisted state with little stirring, and then passes through 
the screen mesh 1 4 and the breaker plate 1 5, where the 
rubber composition G receives shear and compression 
to be plasticized by self-heating and is stirred and then 
passes through the rubber passageway 1 7b to enter the 
rubber passageway 21 a on the feeding side of the gear 
pump 20. The rubber composition G that has filled the 
rubber passageway 21a on the feeding side receives 
the secondary plasticization process by shear and com- 
pression by meshing of the pair of upper and lower 
gears 22, 23 to be plasticized into a moldable state, and 
at the same time stirred to be sent to the die head 24 at 
a predetermined discharging speed via the rubber pas- 
sageway 21a on the discharging side, thereby to be 
molded into a desired cross-sectional shape and 
extruded. 

[0028] Fig. 2 shows an example of a shape of a tip 
end of a screw suitable for the extruding apparatus of 
the present invention. The screw 1 1 includes a flight 33 
formed thereon, and the height of the flight 33 formed 
together with the bottom 31 of the screw is H. In the 
present invention, it is preferable to satisfy the following 
relationship: (1/1 5)D < (1/5)D as described before. 
[0029] The flight 33 of the screw shown in Fig. 2 is 
made of one streak, and is formed continuously in a hel- 
ical shape on the outer circumference of the screw. In 
the extruding apparatus-of the present invention, it is 
-~' also preferable if the screw is formed to have a plurality 
of flight streaks. A twin -streak type screw can be 
obtained by forming a flight having the same shape 
between the flights 33 of. the screw of Fig. 2. 
[0030] The composit'eextruder of the present inven- 
tion is characterized in that the rubber throughput 
decreases little by disposing the gear pump 20. For 
example, in the case where an extruder having a 60 mm 
diameter screw 1 1 is used, the throughput in a state of 
open tip end of the extruder is 70 to 1 00 kg/hr; however, 
if a die head 24 and a die are mounted, the throughput 
decreases to 40 to 60 kg/hr though it depends on the 
type of rubber and the shape of the die. On the contrary, 
the composite extruding; apparatus of rubber according 



to the present invention can achieve a throughput of 70 
to 90 kg/hr. 

[0031] The flight depth H and the flight angle fi are 
suitably set by taking into account the processing prop- 

5 erties such as the type and viscosity of rubber to be 
extruded. The flight angle 9 is within a range from 45° to 
75°, and is set in accordance with the flight depth H. If 
H = (1/1 0)D to (1/1 1)D , it is preferable that e = 50° to 
55°, and if H = (1/8)D to (1/9)D , it is preferable that G = 

10 65° to 70°. ~ 

[0032] Further, in the composite extruder of the 
present invention, the compression ratio can be 
reduced, and the compression ratio can be set to be not 
more than 1 .4, preferably not more than 1 .3, more pref- 

15 erably not more than 1 .2, as compared with the conven- 
tional extruders in which the compression ratio is 
around 1 .6. 

[0033] Since the compression ratio can be reduced 
as compared with the conventional extruders, the heat 
20 generation of rubber in the extruder can be restrained, 
thereby effectively preventing the scorching (burning) of 
rubber and achieving scale reduction of the driving 
motor of the extruder and reduction of the electric power 
consumption. 

25 

EXAMPLES 

[0034] As a sample, a screw extruder 1 0 was fabri- 
cated in which a screw 1 1 had a length L of 240 mm, an 

30 outer diameter D of 60 mm, a ratio L/D of 4 ( a compresr 
sion ratio of 1.23, and a bore diameter of an ejecting 
outlet 1 2a of 60 mm. A screen mesh 1 4, a breaker plate 
15, a gear pump 20 ("the type for extruder" manufac- 
tured by Maag Co., Ltd. in Switzerland), and a die head 

35 24 were connected to the screw extruder 1 0. A vulcan- 
izable SBR-based and NR-based rubber composition G 
(having a Mooney viscosity ML1 + 4 = 90 to 30) was fed 
to mold a tire tread composition. 

[0035] On the other hand, a conventional type 

40 screw extruder (screw length: 720 mm, outer diameter 
D: 60 mm, L/D: 12, compression ratio: 1.6, bore diame- 
ter of ejecting outlet: 60 mm) was prepared as a Com- 
parative Example, and a die head 24 was connected to 
the screw extruder via the same screen mesh 14 and 

45 breaker plate 15 as mentioned above, to mold a tire 
tread composition similar to the above. 
[0036] The performances of the Example and the 
Comparative Example were compared. In the Example, 
the amount of rubber fed till the rubber ejection of the 

so screw extruder became stable at the time of the start of 
operation and the loss amount of material rubber 
remaining in the screw extruder at the time of the stop of 
operation were respectively reduced to less than 1/3 to 
1/5, the temperature of the rubber ejected from the 

55 screw extruder decreased at least by 5°C, and further 
the electric power consumption of the screw extruder 
decreased by more than 30%, as compared with the 
Comparative Example. 
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[0037] As described above, according to the 
present invention, the screw extruder functions as the 
feeding part of a conventional type screw extruder, and 
the gear pump functions as the compressing part and 
the metering and discharging part of the aforesaid con- 
ventional type screw extruder. Since the screw is short- 
ened, the material residue is reduced, the throughput is 
increased, the screw motive power is reduced, the tem- 
perature control is facilitated, extrusion-molding of a vul- 
canizable rubber composition is made possible at a low 
temperature to prevent scorching of rubber, and the 
shape of the rubber passageways before and after the 
screen mesh can be simplified. 



5. 



according to any of claims 1 to 4. 

The method according to claim 5, 

wherein the screw (11 ) is rotated at a rota- 
tion speed within a range from 10 rpm to 120 rpm. 
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Claims 



15 



1. 



A composite extruding apparatus of rubber in which 
a gear pump (20) is connected to a tip end of a 
screw extruder (10) via a screen mesh (14) having 
a breaker plate (15), and a die head (24) is con- 
nected to the ejecting side of the gear pump (20), 

- wherein the screw extruder (10) is adapted to 
plasticize a fed rubber composition (G) mainly 
by friction with an inner surface of a barrel (12) 
and by heating from outside, and to extrude the 
rubber composition (G) from the screen mesh 
(14) to a space on the inlet side of the gear 
pump (20), 

- wherein the screen mesh (14) is adapted to 
rectify the rubber composition (G) passing 
through the screen mesh (14) towards the gear 
pump (20) while stirring and plasticizing the 
rubber composition (G) by friction and shear, 
and 

- wherein the gear pump (20) is adapted to fur- 
ther stir and plasticize the rubber composition 
(G), which is fed to the space on the inlet side, 
by shear and compression, and to give a forc- 
ing pressure to. the die head (24). 

The apparatus according to claim 1, 

wherein the ratio UD of the length (L) and 
the outer:diameter (D) of the screw (1 1 ) is within a 
range from 1 to 4. 

45 

The apparatus according to claim 1 or 2, 

wherein the height of a flight (H) formed on 
the screw (11) is within a range from (1/5)D to 
(1/1 5)D, preferably within a range from (1/7)D to so 
(1/12)D. ' 

The apparatus according to any of claims 1 to 3, 

wherein the screw (11) is provided with a 
plurality of flight streaks (33). 55 

A method of extruding an unvulcanized rubber 
using the composite extruding apparatus of rubber 
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